Abstract : Metallic cobalt (Co), zinc (Zn) and lead (Pb) were more easily dissolved in albumin and glycine water solution than in water. 
INTRODUCTION
In order to meet the various needs of society, enormous numbers of chemical substances are being developed and used. From a biological viewpoint, such chemical substances probably include very toxic substances.
It is extremely important therefore that methods be developed for rapidly and easily detecting the toxicity of chemical substances. Although the methods for testing toxicity using cultured cells are extremely effective, most of them have been employed in the case of soluble substances rather than slightly soluble or gaseous substances. When such methods for testing toxicity are utilized in the case of slightly soluble, particulate substances, the following phenomena are encountered : (1) cellular specificity1), (2) changes in the solubility of the substances due to proteins, amino acids, etc. in the culture medium 2)3) , and (3) changes in the surface activity of the particles due to proteine4), lipids5). etc.
AND K. KOSHI
In previous papers2)3), one of the authors (K. Koshi) demonstrated that the solubility of particulate cadmium was remarkably increased due to the presence of proteins and amino acids in the culture medium and that the dissolved cadmium, which was bound with the proteins and amino acids, had a cellular toxicity equal to that of ionic cadmium.
In the present study, in order to establish a method of testing particulate metals of low solubility by means of cultured cells, the solubility of Co, Zn, Pb and their compounds, the binding state of the soluble metals and proteins, and the cellular toxicity of the dissolved metals were investigated.
MATERIALS AND METHODS

Chemicals and biological materials
The Co samples used were metallic Co, cobalt sulfide(CoS), cobalt oxide(CoO), cobalt oxide(Co2O3) and cobalt chloride(CoCl2.6H2O). The former two substances were obtained from Wako Pure Chemical Industries Ltd. (Japan) and the latter three compounds from Koso Chemicals Co. Ltd. (Japan). The Zn samples were metallic Zn, zinc oxide(ZnO), zinc sulfide(ZnS) and zinc chloride(ZnCl2). The metallic Zn was obtained from Soekawa Chemicals (Japan), ZnO and ZnCl2 from Kokusan Chemicals Works Ltd.
(Japan) and ZnS from Nakarai Chemical Ltd. (Japan). The Pb samples were metallic Pb, lead dioxide(PbO2), lead sulfide(PbS), lead oxide(PbO) and lead nitrate(Pb(NO3)2). As shown in Fig. 1 , in the case of Co, the Co content in the supernatant from the Co suspension in glycine solution increased rapidly from 0.001% and was almost saturated at over 1%.
In the albumin solution, however, the Co content in the supernatant began to increase from 0.1 % and rose with increasing albumin concentration. As shown in Fig. 2 , in the case of Zn, the content of Zn in the supernatant from the Zn suspension in glycine solution increased rapidly from 0.1% and the highest Zn value appeared at 1%. Above this, i.e. at 3% and 10%, the content of Zn in the supernatant decreased.
In the albumin solution, the Zn content in the supernatant began to increase from 0.3% and rose with increasing albumin concentration.
As shown in Fig. 3 , in the case of Pb, the content of Pb in the supernatant from the Pb suspension in glycine solution increased rapidly from 0.1 % and was maximal in the supernatant at 3%. In the albumin solution, the content of Pb in the supernatant from the Pb-albumin suspension began to increase from 0.1% and rose with increasing albumin concentration up to 10%. In the case of Zn dissolved from ZnO in fetal calf serum, the Zn was mainly (about 90% of the total Zn) associated with the albumin fractions, and small amounts of Zn remained in a free state as shown in Fig. 5 .
Column chromatography of metals dissolved in protein solutions
In the case of the supernatant of Pb-albumin suspension, the Pb was not associated with the albumin fractions but existed completely in the low molecular fractions as shown in Fig. 6 . On the other hand, when PbO2 was dissolved in fetal calf serum, the dissolved Pb was completely associated with the albumin fractions as shown in Fig. 7 . 
Cell toxicity of dissolved Co, Zn and Pb
DISCUSSION
It was demonstrated in a previous study2) on the solubility and cellular toxicity of Cd that there was no differences in the amount of Cd in the clear supernatant fluid when it was filtrated with Centriflo (pore size, 20 A Amicon Co., U.S.A.) after ultracentrifugation at 60,000 r.p.m. On the basis of the data obtained, the metals in this study were considered to be dissolved in the supernatant fluid which was gained after the metal supension had been ultracentrifuged at 60,000 r.p.m.
Metallic particles of Co, Zn and Pb were dissolved more in serum, protein solution, amino acid solution and NaEDTA solution than in water, the only exception being Pb in serum. However, some compounds of these metals did not always show such a tendency for increased solubility. The compounds of Pb apart from PbO2 were less soluble in serum and Tyrode's solution than in water, probably due to inhibition of dissolution by the salts in the solution. Lead dioxide was more soluble in serum than in water Thus, the solubility of the metals and their compounds showed diversity.
The solubility of Co, Zn and Pb increased as the concentration of glycine and albumin became higher in the solution. This suggests together with the results of a previous paper3) on Cd, that the solubility of metals in a solution such as a culture medium containing proteins and amino acids varies according to the composition of the solution and amount of the ingredients. The binding state of metals and proteins in serum and in albumin solution was compared. As reported previously, the total amount of Cd was bound with the protein fractions just after ultrasonic vibration was performed. In contrast with Cd, Co required more time to bind to proteins, and only 70% of the total amount of Co was bound with the protein fractions even after 48 hr incubation. More than 90% of the total amount of Zn existed in the protein fractions, but approximately 10% existed in the low molecular weight fractions. Lead was not bound with any protein fraction. Thus, the binding state of metals and serum proteins varied with each metal. However, the cellular toxicity of the dissolved metals cannot be determined only from the binding state of the metal and proteins. Cadmium, which was completely bound with proteins, had a cellular toxicity equal to that of ionic Cd, in proportion to the amount of dissolved As reported by Heaths6), O2 appears to affect the solubility of Co. The solubility increased when Co was dissolved in the culture medium in a CO2 incubator, as compared to the culture medium in an air-tight vessel.
As described above, it is thought that the cellular toxicity of particulate metals to cultured cells differs according to the composition of the culture medium, the amount of the ingredients, and the amount of serum added to the culture medium, since the solubility of the metals varies with these factors. 
